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FLEXIBLE TACTILE ACTUATOR

TECHNICAL FIELD

[0001] The present invention relates to a flexible tactile
actuator.

BACKGROUND
[0002] Haptics is a technique related to touch and specifi-

cally refers to a technique that allows a user of an electronic
device to feel a touch, a force, and a sense of movement
through a keyboard, a mouse, a joystick, and a touch screen.
In the past, visual and auditory means have been mainly
used as means of exchanging information between users and
electronic devices, but recently, haptic technology has been
attracting attention for more specific and realistic informa-
tion transmission.

[0003] In general, a haptic providing device based on the
haptic technology may include an inertial actuator, a piezo-
electric actuator, and an electro-active polymer actuator
(EAP).

[0004] The inertial actuator may include an eccentric
rotation motor (ERM) that generates a vibration using an
eccentric force generated by a body of weight connected to
a magnetic circuit and a linear resonant actuator (LRA) that
maximizes an intensity of vibration using a resonance fre-
quency generated by the body of weight connected to the
magnetic circuit and an elastic spring.

[0005] Interms of a linear resonance actuator in the haptic
providing device of the related art, there are Korean Patent
Registration No. 10-1461274 (entitled: LINEAR MOTOR)
and Korean Patent Laid-open Publication No. 10-2016-
0021160 (entitled: SPRING AND LINEAR VIBRATION
MOTOR THEREWITH). However, such actuators may be
provided with a relatively large volume and difficult to meet
a predetermined space limitation.

[0006] The piezoelectric actuator may be a device that is
driven in a form of a bar or a disk using an elastic body or
the like based on a piezoelectric element of which an
external shape changes instantaneously by an electric field.
In the related art, there are Korean Patent Registration No.
10-1075263 (entitled: A HAPTIC ACTUATOR USING
CELLULOSE ELECTRO-ACTIVE PAPER FILM) and
U.S. Patent Application Publication No. US2014/0145555
(entitled: THIN-FILM PIEZOELECTRIC ELEMENT,
THIN-FILM PIEZOELECTRIC ACTUATOR, THIN-FILM
PIEZOELECTRIC SENSOR, HARD DISK DRIVE, AND
INKJET PRINTER APPARATUS). However, such tech-
niques may require a voltage of hundreds of volts in order
to provide a suitable effect for a haptic application. Also, the
techniques may have a limitation in that it is fragile in
bending and thus, may not ensure a sufficient durability life.
[0007] The EAP may be a device that is driven based on
repetitive movements provided by attaching an electro-
active polymer film to a mass. The EAP may be based on a
principle that a shape of the electro-active polymer film is
changed by a functional group of a polymer backbone
having a specific mechanism by external electric power. In
the related art, there are U.S. Patent Application Publication
No. US2013/0335354 (entitled: ULTRA-THIN INERTIAL
ACTUATOR) and U.S. Patent Application Publication No.
US2014/081879 (entitled: SYSTEM INCLUDING ELEC-
TROMECHANICAL POLYMER SENSORS AND
ACTUATORS). The techniques may have an issue of deg-
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radation in durability due to an external oxidation and may
require a voltage of hundreds of volts for the haptic appli-
cation.

[0008] In addition to the haptic providing device, there is
U.S. Patent Application Publication No. US2011/0173970
(entitled: FLEXIBLE ACTUATOR BASED ON SHAPE
MEMORY ALLOY SHEET) disclosing a technique that is
flexible and available for the haptic application by using a
shape memory alloy. However, the technique may have a
disadvantage in that a high temperature is required and a
crack is to occur, which makes it difficult to stably operate
for a long period of time.

[0009] Accordingly, there is a desire for research on a
tactile sense transmitting structure that is thin, flexible,
operable at a low voltage, and applicable to various types of
devices such that more emotional and complex information
is effectively transmitted in addition to a simple vibration.

SUMMARY

Technical Goals

[0010] An aspect provides a flexible tactile actuator that is
thin, small-sized, and flexible to be applicable to various
types of devices.

[0011] Another aspect provides a flexible tactile actuator
that is capable of providing a tactile sense of a local or the
entire electronic device and controlling a frequency or an
intensity in a magnetic field generator, thereby transmitting
a tactile sense such as ‘tapping’ to a user in addition to a
vibration.

[0012] Still another aspect provides a flexible tactile actua-
tor that is attachable to an inside and an outside of an
information technology (IT) device such as a virtual reality
(VR) glove, a game controller, and a smart wear to directly
hit a skin of a user, thereby transmitting a local touch and a
real-time tactile feedback.

Technical Solutions

[0013] According to an aspect, there is provided a flexible
tactile actuator including a tactile transmitter configured to
be flexible and including magnetic particles capable of being
polarized in response to an external magnetic field and a
matrix layer including the magnetic particles, a magnetic
field generator disposed below the tactile transmitter and
configured to generate a magnetic field in the tactile trans-
mitter, and an elastic member provided in a shape of a film,
having at least a portion in surface contact with the magnetic
field generator, and attached to be in surface contact with
one of a top surface and a bottom surface of the tactile
transmitter.

[0014] A modulus of elasticity of the elastic member may
be less than a modulus of elasticity of the tactile transmitter.
[0015] Both end portions of the elastic member may be
bent inwardly or outwardly to be attached to a top surface of
the magnetic field generator.

[0016] The tactile transmitter may be attached to the top
surface of the elastic member.

[0017] The tactile transmitter may be attached to a bottom
surface of the elastic member.

[0018] According to another aspect, there is also provided
a flexible tactile actuator including a tactile transmitter
configured to be flexible and including magnetic particles
capable of being polarized in response to an external mag-
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netic field and a matrix layer including the magnetic par-
ticles, a magnetic field generator disposed below the tactile
transmitter and configured to generate a magnetic field in the
tactile transmitter, an elastic member disposed on the mag-
netic generator and having an upper portion formed to be
open, and a polymer cover connected to the elastic member
to cover the upper portion of the elastic member, wherein a
top surface of the tactile transmitter is attached to be in
surface contact with a bottom surface of the polymer cover.
[0019] The polymer cover may have a thickness less than
a thickness of the elastic member and include a material
more flexible than a material of the elastic member.

[0020] The tactile transmitter may be a magneto-rheologi-
cal elastomer.
[0021] The magnetic field generator may be formed of a

flexible material to be bent.

[0022] The magnetic field generator may include an insu-
lating film and a first magnetic field generating circuit
printed on one of two surfaces of the insulating film and
wound a plurality of times in a form of a circle, an oval, or
a polygon.

[0023] The magnetic field generator may further include a
second magnetic field generating circuit printed on the other
of the two surfaces of the insulating film and wound a
number of times in a form of a circle, an oval, or a polygon.
[0024] The magnetic field generator may include a plu-
rality of flexible printed circuit boards attached using an
adhesive, and each of the plurality of flexible printed circuit
boards may include a magnetic field generating circuit to
generate a magnetic field.

[0025] At least a portion of the tactile transmitter may be
spaced upwardly apart from the magnetic field generator at
a height ranging between 0.1 millimeters (mm) and 3 mm
[0026] The matrix layer may have a tensile strength rang-
ing between 0.02 newtons per square millimeter (N/mm"2)
and 8.85 N/mm"2, and the matrix layer may have an
elongation percentage ranging between 65% and 700%.
[0027] The elastic member may have a young’s modulus
ranging between 0.5 gigapascals (GPa) and 6.1 GPa.
[0028] An amount of the magnetic particles included in
the tactile transmitter may range from 4% by volume (vol %)
to 60 vol %.

[0029] The elastic member may be formed of at least one
of polyethylene terephthalate and polyimide.

[0030] According to still another aspect, there is also
provided a method of manufacturing a flexible tactile actua-
tor, the method including inserting a matrix material into a
prepared mold, inserting magnetic particles into the matrix
material, evenly mixing the matrix material and the mag-
netic particles, inserting a curing agent into the matrix
material, applying a magnetic field vertically to a tactile
transmitter, attaching an elastic member such that at least a
portion of the elastic member is in surface contact with one
of a top surface and a bottom surface of the tactile trans-
mitter, and attaching a magnetic field generator such that at
least a portion of the elastic member is in surface contact
with a top surface of the magnetic field generator.

Effects

[0031] According to an aspect, it is possible to provide a
flexible tactile actuator that provides various senses of
touching.
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[0032] According to another aspect, it is possible to pro-
vide a flexible tactile actuator that is thin, small-sized, and
flexible to be applicable to various types of devices.
[0033] According to still another aspect, it is possible to
provide a flexible tactile actuator that includes an elastic
member connected to a tactile transmitter to amplify a
movement of the tactile transmitter and secure a space for a
vertical movement during an operation.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0035] FIG. 2 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0036] FIG. 3 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0037] FIG. 4 is a diagram illustrating a magnetic field
generator according to an example embodiment.

[0038] FIG. 5 illustrates examples of a magnetic field
generator.
[0039] FIG. 6 is a graph representing an intensity of a

magnetic field based on a number of layers of a flexible
printed circuit board.

[0040] FIG. 7 is a diagram illustrating a flexible tactile
actuator in a first shape or a second shape according to an
example embodiment.

[0041] FIG. 8 is a diagram illustrating a flexible tactile
actuator in a first shape or a second shape according to an
example embodiment.

[0042] FIG. 9 is a diagram illustrating a flexible tactile
actuator in a first shape or a second shape according to an
example embodiment.

[0043] FIG. 10 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on a
height of an elastic member according to an example
embodiment.

[0044] FIG. 11 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on an
amount of current applied to a flexible tactile actuator
according to an example embodiment.

[0045] FIG. 12 is a graph representing an intensity of a
vibrating force generated based on a frequency of a driving
power applied to a flexible tactile actuator according to an
example embodiment.

[0046] FIG. 13 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on a
type of an elastic member according to an example embodi-
ment.

[0047] FIG. 14 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on a
thickness of the tactile transmitter according to an example
embodiment.

[0048] FIG. 15 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on an
amount of magnetic particles included in the tactile trans-
mitter according to an example embodiment.

[0049] FIG. 16 is a graph representing a tensile strength of
a tactile transmitter based on an amount of magnetic par-
ticles included in the tactile transmitter according to an
example embodiment.

[0050] FIG. 17 is a flowchart illustrating a method of
manufacturing a flexible tactile actuator according to an
example embodiment.
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[0051] FIG. 18 is a diagram illustrating an operation of
applying a magnetic field according to an example embodi-
ment.

DETAILED DESCRIPTION

[0052] Hereinafter, some example embodiments will be
described in detail with reference to the accompanying
drawings. Regarding the reference numerals assigned to the
elements in the drawings, it should be noted that the same
elements will be designated by the same reference numerals,
wherever possible, even though they are shown in different
drawings. Also, in the description of embodiments, detailed
description of well-known related structures or functions
will be omitted when it is deemed that such description will
cause ambiguous interpretation of the present disclosure.
[0053] In addition, terms such as first, second, A, B, (a),
(b), and the like may be used herein to describe components.
Each of these terminologies is not used to define an essence,
order or sequence of a corresponding component but used
merely to distinguish the corresponding component from
other component(s). It should be noted that if it is described
in the specification that one component is “connected”,
“coupled”, or “joined” to another component, a third com-
ponent may be “connected”, “coupled”, and *“joined”
between the first and second components, although the first
component may be directly connected, coupled or joined to
the second component.

[0054] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure pertains. Terms, such as those
defined in commonly used dictionaries, are to be interpreted
as having a meaning that is consistent with their meaning in
the context of the relevant art, and are not to be interpreted
in an idealized or overly formal sense unless expressly so
defined herein.

[0055] FIG. 1 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0056] Referring to FIG. 1, a flexible tactile actuator 10
may be sufficiently thin and flexible to provide various types
of tactile senses. The flexible tactile actuator 10 may be
formed as, for example, a quadrangular or circular panel. A
shape of the flexible tactile actuator 10 may vary depending
on examples.

[0057] The flexible tactile actuator 10 may include a
tactile transmitter 11, an elastic member 12, and a magnetic
field generator 13.

[0058] The tactile transmitter 11 may perform a movement
such as vibration in response to an external magnetic field
such that a user receives various tactile senses through the
movement. Also, the tactile transmitter 11 may be config-
ured to be thin and flexible.

[0059] The tactile transmitter 11 may include a matrix
layer 111 in a shape of, for example, a rectangular parallel-
epiped and a cylinder, and magnetic particles 112.

[0060] The matrix layer 111 may be a material configuring
external shape and texture of the tactile transmitter 11, have
a shape of a rectangular parallelepiped or a cylinder, and
include the magnetic particles 112. For example, the matrix
layer 111 may enhance durability of the tactile transmitter 11
and used to arrange the magnetic particles 112 evenly or in
a predetermined direction.

[0061] The matrix layer 111 may be formed of a rubber,
plastic, or polymer material such as elastic silicone, poly-
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urethane, nitrile, polyethylene, polypropylene, polyvinyl
alcohol, and the like to enable the tactile transmitter 11 to be
bent.

[0062] The matrix layer 111 may be formed of a material
having a tensile strength ranging between 0.02 newtons per
square millimeter (N/'mm"2) and 8.85 N/mm"2, and an
elongation percentage ranging between 65% and 700%.
Also, in the matrix layer 111, the magnetic particles 112 may
be distributed evenly or in a predetermined direction.

[0063] The magnetic particles 112 may be arranged in the
matrix layer 111 and evenly distributed in the matrix layer
111. For example, the matrix layer 111 may move in
response to the magnetic particles 112 that responds to a
magnetic field applied from the magnetic field generator 13.
Through such movement, the flexible tactile actuator 10 may
be driven.

[0064] For example, in order to maximize a change in
vertical movement by the magnetic field generator 13, the
larger greater the residual magnetic density and the coercive
force value of the magnetic particles 112, the more desirable.
Also, the magnetic particles 112 may be formed without
restrictions on a shape and may be formed in, for example,
in a globular shape or a flake shape having a high aspect ratio
with magnetic anisotropy.

[0065] The magnetic particles 112 may include at least one
of metal elements such as iron, nickel, and cobalt, and ferrite
elements. Also, the magnetic particles 112 may be materials
such as powder, an alloy, alloy powder, and composites
including at least one rare earth element such as samarium
and neodymium. For example, the magnetic particles 112
may each be in a size between 0.01 and 100 micrometers
(hm).

[0066] The tactile transmitter 11 may be formed as a
magneto rheological elastomer (MRE). The magneto rheo-
logical elastomer may be an elastomeric material including
particles capable of reacting to an external magnetic field.
The elastomeric material may include the magnetic particles
112 to be magnetized by the external magnetic field.

[0067] Properties, for example, a rigidity, a tensile
strength, and an elongation percentage of the magneto
rheological elastomer may be changed in response to the
external magnetic field being applied.

[0068] The elastic member 12 may secure a space for a
vertical movement of the tactile transmitter 11. The elastic
member 12 may amplify a movement of the tactile trans-
mitter 11. As illustrated in FIG. 1, the elastic member 12 may
be a film-shaped member connected to a bottom of the tactile
transmitter 11 and cover a top of the magnetic field generator
13. For example, at least a portion of the elastic member 12
may be attached to be in surface contact with a top surface
of the magnetic field generator 13.

[0069] The elastic member 12 may be, for example, a thin
polymer film. As illustrated in FIG. 1, the elastic member 12
may be connected to the magnetic field generator 13 from
edges thereof. Also, an outer edge of the elastic member 12
a predetermined spaced apart from the magnetic field gen-
erator 13 may cover the magnetic field generator 13 whereby
the elastic member 12 has a shape that an inside is empty.

[0070] One of a top surface and a bottom surface of the
elastic member 12 may be fixed to be in contact with one of
a top surface and a bottom surface of the tactile transmitter
11. In this example, by selecting the elastic member 12 as
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required, the tactile transmitter 11 may have a different
movement characteristic from a property of the tactile
transmitter 11.

[0071] In an example, to increase a force generated by the
tactile transmitter 11, a modulus of elasticity of the elastic
member 12 may be set to be greater than a modulus of
elasticity of the tactile transmitter 11.

[0072] In another example, to increase a maximum dis-
placement of the tactile transmitter 11, the modulus of
elasticity of the elastic member 12 may be set to be less than
the modulus of elasticity of the tactile transmitter 11.
[0073] The elastic member 12 may include at least one of
polymer materials such as elastic polyimide, polyethylene
phthalate, polypropylene, and polyethylene naphthalene,
have a heat resistance of 75 degrees Celsius or more, and
have a young’s modulus ranging between 0.5 gigapascals
(GPa) and 6.1 GPa. Related explanation will be further
described with reference to FIG. 13 and Table 1 below.
[0074] Both end portions of the elastic member 12 may be
bent inwardly or outwardly such that the bent end portions
are attached to the top surface of the magnetic field generator
13. For example, the bent end portions of the elastic member
12 may be attached to be in surface contact with the top
surface of the magnetic field generator 13.

[0075] The elastic member 12 may be in various shapes
such as a quadrangle, a circle, a line, a spiral, and a clip when
viewed from above. Also, a height of the elastic member 12
may range between 0.1 millimeters (mm) and 3 mm Related
explanation will be further described with reference to FIG.
10.

[0076] As illustrated in FIG. 1, the magnetic field genera-
tor 13 may be disposed below the elastic member 12, and
apply a magnetic field to the tactile transmitter 11 to imple-
ment the movement of the tactile transmitter 11.

[0077] The magnetic field generator 13 may include, for
example, a circular or polygonal shaped plane coil or
solenoid coil. The magnetic field generator 13 may include,
for example, a flexible printed circuit board configured to be
bent.

[0078] When the magnetic field generator 13 includes the
flexible printed circuit board, the magnetic field generator 13
may include an insulating film 131, a magnetic field gener-
ating circuit 132, and a solder pad 133. A configuration of
the magnetic field generator 13 will be further described
with reference to FIG. 4.

[0079] FIG. 2 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0080] Referring to FIG. 2, a flexible tactile actuator 20
may include a tactile transmitter 21, an elastic member 22,
and a magnetic field generator 23.

[0081] Unlike FIG. 1, the tactile transmitter 21 may be
disposed between the elastic member 22 and the magnetic
field generator 23. For example, the tactile transmitter 21
may be attached to be in surface contact with a bottom
surface of the elastic member 22.

[0082] Here, a height of the elastic member 22 may be
greater than a height of the elastic member 12 of FIG. 1.
[0083] FIG. 3 is a cross-sectional view illustrating a flex-
ible tactile actuator according to an example embodiment.
[0084] Referring to FIG. 3, a flexible tactile actuator 30
may include a tactile transmitter 31, an elastic member 32,
a magnetic field generator 33, and a polymer cover 34.
[0085] The polymer cover 34 may be space apart from the
magnetic field generator 33 to cover the elastic member 32
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and the tactile transmitter 31. For example, the polymer
cover 34 may be formed of a material more flexible than the
elastic member 32 and structurally thinner than the elastic
member 32.

[0086] Unlike FIGS. 1 and 2, the elastic member 32 may
be connected to a bottom surface of the polymer cover 34.
In this example, a bottom surface of the elastic member 32
may be in contact with the magnetic field generator 33.
[0087] The tactile transmitter 31 may be disposed between
the polymer cover 34 and the elastic member 32. For
example, the tactile transmitter 31 may be fixed to be in
surface contact with the bottom surface of the polymer cover
34. In this example, by selecting the polymer cover 34 as
required, the tactile transmitter 31 may have a different
movement characteristic from a property of the tactile
transmitter 31.

[0088] FIG. 4 is a diagram illustrating a magnetic field
generator according to an example embodiment.

[0089] Referring to FIG. 4, the magnetic field generator 13
may be formed as a flexible printed circuit board and include
the insulating film 131, the magnetic field generating circuit
132, an adhesive 134, and the solder pad 133.

[0090] The insulating film 131 a thin and flexible insula-
tor. The magnetic field generating circuit 132, the adhesive
134, and the solder pad 133 may be arranged on the
insulating film 131. The insulating film 131 may be a
polyimide film having a thickness of 35 um.

[0091] The magnetic field generating circuit 132 may be
formed of a copper as a coil configured to generate a
magnetic field by receiving a voltage. The magnetic field
generating circuit 132 may be printed on at least one of two
surfaces of the insulating film 131.

[0092] The magnetic field generating circuit 132 may be
wound a plurality of times in a form of a circle, an oval, or
a polygon, and configured to change a direction of a mag-
netic field force by changing a direction of a current applied
to the magnetic field generating circuit.

[0093] For example, the magnetic field generating circuit
132 may be formed with a copper wire plated with a
thickness of 20 pm and wound by 25 turns.

[0094] The adhesive 134, in a manufacturing process of
the flexible printed circuit board, may be applied between
the magnetic field generating circuit 132 and the insulating
film 131 to attach the magnetic field generating circuit 132
to the insulating film 131.

[0095] The solder pad 133 may be connected to both ends
of a circuit wire of the magnetic field generating circuit 132
to be exposed externally to the insulating film 131.

[0096] FIG. 5 illustrates examples of a magnetic field
generator.
[0097] Referring to FIG. 5, magnetic field generators 13,

43, and 53 may be provided as flexible printed circuit boards
in forms of a single-sided shape, a double-sided shape, and
a multi-layered shape.

[0098] When the magnetic field generator 13 is formed in
the single-sided shape, the magnetic field generating circuit
132 may be printed on a surface of one side of the insulating
film 131. For example, the insulating film 131 may be
additionally attached to the surface on which the magnetic
field generating circuit 132 is printed. Also, the adhesive 134
may be applied between the insulating film 131 and the
magnetic field generating circuit 132.

[0099] When the magnetic field generator 43 is formed in
the double-sided shape, a magnetic field generating circuit
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432 may include a first magnetic field generating circuit
432aq printed on one of two surfaces and a second magnetic
field generating circuit 4324 printed on the other of the two
surfaces.

[0100] Here, the first and second magnetic field generating
circuits 432a and 4325 may be arranged such that coils are
wound in the same direction. For example, the first and
second magnetic field generating circuits 432a and 4325
may be a single circuit connected through a hole formed on
an insulating film 431 disposed therebetween.

[0101] For example, the insulating film 431 may be addi-
tionally attached to the two surfaces on which the magnetic
field generating circuit 432 is printed. Also, an adhesive 434
may be applied between the insulating film 431 and the
magnetic field generating circuit 432.

[0102] When the magnetic field generator 53 is formed in
the multi-layered shape, the magnetic field generator 53 may
be in a structure in which a plurality of the magnetic field
generators 13 formed in the single-sided shape is laminated.
In this example, an adhesive 534 may be applied between
the magnetic field generators 13 to be attached to one
another.

[0103] Here, the plurality of the magnetic field generators
53 formed in the multi-layered shape may be arranged such
that magnetic field generating circuits 532 rotate in the same
direction.

[0104] FIG. 6 is a graph representing an intensity of a
magnetic field based on a number of layers of a flexible
printed circuit board.

[0105] Referring to FIG. 6, as described with reference to
FIG. 5, when the magnetic field generator 53 is provided as
a multi-layered flexible printed circuit board, an intensity of
a magnetic field generated by the magnetic field generator
53 may be verified based on a change in a number of layers
of the multi-layered flexible printed circuit board.

[0106] As shown in the graph of FIG. 6, the intensity of a
magnetic field generated by the magnetic field generator 53
may be linearly increased as the number of layers of the
multi-layered flexible printed circuit board increases.
[0107] FIGS. 7 through 9 are diagrams illustrating
examples of a flexible tactile actuator in a first shape or a
second shape according to an example embodiment.
[0108] Referring to FIGS. 7 through 9, when the flexible
tactile actuators 10, 20, and 30 are not affected by a magnetic
field generated by the magnetic field generators 13, 23, and
33, the tactile transmitters 11, 21, and 31 may be smoothly
maintained in a first shape. When the magnetic field is
applied from the magnetic field generators 13, 23, and 33,
the tactile transmitters 11, 21, and 31 may be bent toward the
magnetic field generators 13, 23, and 33 by an attractive
force received from the magnetic field so as to be in a second
shape, for example, a shape in which a central portion of the
tactile transmitter 11 is bent downward as illustrated in FIG.
7.

[0109] In response to the tactile transmitter 11 being bent
downward, a top surface of the elastic member 12 formed of
a thin and elastic material may also be bent toward the
magnetic field generator 13 in parallel with the tactile
transmitter 11. In this example, an inner space formed by the
elastic member 12 in the first shape may also be recessed
downward.

[0110] Referring to FIG. 8, when the tactile transmitter 21
of the flexible tactile actuator 20 of FIG. 2 receives the
magnetic field and is deformed to be in the second shape, the
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tactile transmitter 21 may be bent downward. In this
example, because the elastic member 22 is connected to a
top surface of the tactile transmitter 21, a central portion of
a top surface of the elastic member 22 may be recessed
downward and thus, the elastic member 22 may also be bent
similarly to the tactile transmitter 21.

[0111] Referring to FIG. 9, when the tactile transmitter 31
of the flexible tactile actuator 30 of FIG. 3 receives the
magnetic field and is deformed to be in the second shape, the
tactile transmitter 31 may be bent downward. In this
example, because the polymer cover 34 is connected to a top
surface of the tactile transmitter 31, a central portion of a top
surface of the polymer cover 34 may be recessed downward
and thus, the polymer cover 34 may also be bent similarly
to the tactile transmitter 31.

[0112] FIG. 10 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on a
height of an elastic member according to an example
embodiment.

[0113] Specifically, FIG. 10 is a graph obtained by inter-
polating data that is obtained by measuring the intensity of
the vibrating force applied to the tactile transmitter 11 while
varying the height of the elastic member 12 of the flexible
tactile actuator 10 of FIG. 1.

[0114] Referring to FIG. 10, the intensity of the vibrating
force generated in the tactile transmitter 11 may decrease as
the height of the elastic member 12, that is, a distance
between the magnetic field generator 13 and the tactile
transmitter 11 decreases. Also, a change in an intensity of a
magnetic field and the height of the elastic member 12 may
be obtained using the following equation.

¥=0.304¢"(-0.19x)

[0115] As shown in Equation 1 of FIG. 10, it can be known
that the height (, for example, x in Equation 1) of the elastic
member 12 ranges from 0.1 mm to 3 mm when an intensity
of a vibrating force that a user is able to perceive through a
tactile sense is about 0.2 G (the acceleration of gravity) or
more.

[0116] FIG. 11 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on an
amount of current applied to a flexible tactile actuator
according to an example embodiment.

[0117] Referring to FIG. 11, when an amount of current
applied to the flexible tactile actuator 10 increases, the
intensity of the vibrating force generated in the tactile
transmitter 11 may linearly increase.

[0118] FIG. 12 is a graph representing an intensity of a
vibrating force generated based on a frequency of a driving
power applied to a flexible tactile actuator according to an
example embodiment.

[0119] Referring to FIG. 12, when an intensity of a vibrat-
ing force that a user is able to perceive through a tactile sense
is about 0.2 G or more, a flexible tactile actuator may exert
at least 0.2 G vibrating force in a driving power frequency
band ranging from 90 hertz (Hz) and to 500 Hz and
exceeding 500 Hz, and have a relatively wide operating
frequency band.

[0120] FIG. 13 is a graph representing an intensity of a
vibrating force generated in a tactile transmitter based on a
type of an elastic member in the flexible tactile actuator 10
according to an example embodiment.

[0121] Specifically, FIG. 13 is a graph representing an
intensity of a vibrating force based on amount of current

[Equation 1]
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applied to the flexible tactile actuator 10 when polyethylene
terephthalate, polycarbonate, polyethylene naphthalate,
polyimide, and polytetrafluoro ethylene are used among
polymer materials suitable for a material of the elastic
member 12.

[0122] Referring to FIG. 13, when the elastic member 12
is formed of polyethylene terephthalate and polyimide, the
vibration force may be significantly higher in comparison to
a case in which the elastic member 12 is formed of other
materials.

[0123] Table 1 represents Young’s modulus of each of the
aforementioned polymer materials.

TABLE 1

Poly-

Polymer Polyethylene Poly- Polyethylene Poly- tetrafluoro
type terephthalate carbonate naphthalate imide ethylene
Young’s 2723 2595 6080 2500 509
modulus
(Mpa)
[0124] As shown in Table 1 of FIG. 13, considering the

Young’s modulus (, for example, in a unit of megapascal
(Mpa)) of the polymer materials, when the polymer material
used as an elastic member of the flexible tactile actuator 10
has a Young’s modulus ranging between 2.5 GPa and 6.1
GPa, the vibration force may be greater than 0.1 Grms (root
mean square acceleration) in an area in which an input
current ranges from 150 milliampere (mA) and 500 mA.
[0125] FIG. 14 is a graph representing an intensity of a
vibrating force generated in the tactile transmitter 11 based
on a thickness of the tactile transmitter 11 according to an
example embodiment.

[0126] Specifically, FIG. 14 is a graph representing an
intensity of a vibrating force generated in the tactile trans-
mitter 11 based on a thickness of the tactile transmitter 11
when a size of the tactile transmitter 11 is 10 mmx10 mm,
15 mmx15 mm, and 20 mmx20 mm.

[0127] Referring to FIG. 14, the intensity of the vibrating
force may increase as the size and the thickness of the tactile
transmitter 11 increase. Also, it can be known that the tactile
transmitter 11 desirably has at least a size of 15 mmx15 mm
and a thickness of 0.5 mm or more.

[0128] FIG. 15 is a graph representing an intensity of a
vibrating force generated in the tactile transmitter 11 based
on an amount of the magnetic particles 112 included in the
tactile transmitter 11 according to an example embodiment.
[0129] Referring to FIG. 15, the intensity of the vibrating
force may increase as the amount of the magnetic particles
112 increases. Also, the vibrating force of the tactile trans-
mitter 11 may be implemented by at least 4% by volume (vol
%) of the amount of the magnetic particles 112 relative to the
total volume of the tactile transmitter 11.

[0130] FIG. 16 is a graph representing a tensile strength of
a tactile transmitter based on an amount of magnetic par-
ticles included in the tactile transmitter according to an
example embodiment.

[0131] Referring to FIG. 16, the tensile strength of the
tactile transmitter 11 may decrease as the amount of the
magnetic particles 112 included in the tactile transmitter 11
increases.

[0132] The amount of the magnetic particles 112 relative
to the total volume of the tactile transmitter 11 may be
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designed to be less than 60% such that the flexible tactile
actuator 10 has a flexibility and maintains durability.
[0133] FIG. 17 is a flowchart illustrating a method of
manufacturing a flexible tactile actuator according to an
example embodiment.

[0134] Referring to FIG. 17, a method of manufacturing a
flexible tactile actuator may be a method of manufacturing
the tactile transmitter 11 of the flexible tactile actuator 10 of
FIG. 1. The method may insert a matrix material in operation
91, insert magnetic particles in operation 92, mix the matrix
material and the magnetic particles in operation 93, insert a
curing agent in operation 94, apply a magnetic field in
operation 95, perform cutting in operation 96, attach an
elastic member in operation 97, and attach a magnetic field
generator in operation 98.

[0135] Operation 91 may be an operation of inserting a
matrix material formed of a rubber, plastic, or polymer
material into a prepared mold for mixing to form an external
shape and texture of a tactile transmitter having an elasticity.
[0136] Here, the matrix material may be cured to be the
matrix layer 111 of the flexible tactile actuator 10 as
described with reference to FIG. 1.

[0137] Operation 92 may be performed simultaneously
with, or before or after operation 91. Also, operation 92 may
be an operation of inserting the magnetic particles 112
including at least one of magnetic powder, an alloy, alloy
powder, and composites into the matrix material inserted
into the mold for mixing, and an operation of inserting the
magnetic particles 112 into the matrix material.

[0138] Operation 93 may be performed after operation 92.
Also, operation 93 may be an operation of mixing such that
the magnetic particles 112 are evenly distributed in the
matrix material and, for example, an operation of physically
mixing the matrix material and the magnetic particles 112.
[0139] Operation 94 may be an operation performed to
cure the matrix material.

[0140] In operation 94, a curing agent may be inserted
such that the magnetic particles 112 are fixed in the matrix
material by solidifying the matrix material.

[0141] As illustrated in FIG. 17, for example, operation 94
may be performed after operation 93. However, unless the
matrix material is completely cured before operation 95,
operation 94 may be performed in any order.

[0142] Operation 95 may be an operation of applying a
magnetic field to the matrix material in a predetermined
direction to arrange the magnetic particles 112. Operation 95
will be further described with reference to FIG. 18.

[0143] Operation 96 may be an operation of cutting a
tactile transmitter formed through operations 94 and 95 into
a number of portions. For example, in operation 96, the
tactile transmitter may be cut into a plurality of tactile
transmitters 11 having predetermined side and shape. By
performing operation 96, the plurality of tactile transmitters
11 may be formed in a single manufacturing process, which
may reduce manufacturing cost and time. Operation 96 may
also be omitted depending on examples.

[0144] Operation 97 may be an operation of attaching the
elastic member 12 to the tactile transmitter 11. For example,
at least a portion of the elastic member 12 may be attached
to be in surface contact with one of a top surface and a
bottom surface of the tactile transmitter 11.

[0145] Operation 98 may be an operation of attaching at
least a portion of the elastic member 12 to be in surface
contact with a top surface of the magnetic field generator 13.
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For example, both end portions of the elastic member 12
may be bent inwardly or outwardly such that the bent end
portions are attached to be in surface contact with one
surface of the magnetic field generator 13.

[0146] FIG. 18 is a diagram illustrating an operation of
applying a magnetic field according to an example embodi-
ment.

[0147] Referring to FIG. 18, operation 95 may be an
operation of applying a magnetic field vertically to the
tactile transmitter 11 to evenly arrange the magnetic par-
ticles 112 in the matrix material. The magnetic particles 112
may be evenly arranged perpendicularly to a vertical direc-
tion in which the tactile transmitter 11 including the matrix
material and the magnetic particles 112 is to operate.
[0148] A direction of the magnetic field may be, for
example, a direction from top to bottom and a direction from
bottom to top. Operation 95 may be continually performed
until the matrix material is completely cured by the curing
agent inserted in operation 94.

[0149] As illustrated in FIG. 17, for example, operation 94
may be performed before operation 95. In an example,
operation 94 may be performed while operation 95 is being
performed. Also, operation 95 may be omitted depending on
examples.

[0150] A number of example embodiments have been
described above. Nevertheless, it should be understood that
various modifications may be made to these example
embodiments. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents.

[0151] Accordingly, other implementations are within the
scope of the following claims.

1. A flexible tactile actuator comprising:

a tactile transmitter configured to be flexible and includ-
ing magnetic particles capable of being polarized in
response to an external magnetic field and a matrix
layer including the magnetic particles;

a magnetic field generator disposed below the tactile
transmitter and configured to generate a magnetic field
in the tactile transmitter; and

an elastic member provided in a shape of a film, having
at least a portion in surface contact with the magnetic
field generator, and attached to be in surface contact
with one of a top surface and a bottom surface of the
tactile transmitter,

wherein at least a portion of the tactile transmitter is
spaced upwardly apart from the magnetic field genera-
tor at a height ranging between 0.1 millimeters (mm)
and 3 mm, and

a modulus of elasticity of the elastic member is less than
a modulus of elasticity of the tactile transmitter.

2. The flexible tactile actuator of claim 1, wherein both
end portions of the elastic member are bent inwardly or
outwardly to be attached to a top surface of the magnetic
field generator, and

the tactile transmitter is attached to the top surface of the
elastic member.

3. The flexible tactile actuator of claim 1, wherein the

tactile transmitter is attached to a bottom surface of the
elastic member.
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4. A flexible tactile actuator comprising:

a tactile transmitter configured to be flexible and includ-
ing magnetic particles capable of being polarized in
response to an external magnetic field and a matrix
layer including the magnetic particles;

a magnetic field generator disposed below the tactile
transmitter and configured to generate a magnetic field
in the tactile transmitter;

an elastic member disposed on the magnetic generator and
having an upper portion formed to be open; and

a polymer cover connected to the elastic member to cover
the upper portion of the elastic member,

wherein a top surface of the tactile transmitter is attached
to be in surface contact with a bottom surface of the
polymer cover,

at least a portion of the tactile transmitter is spaced
upwardly apart from the magnetic field generator at a
height ranging between 0.1 millimeters (mm) and 3
mm, and

a modulus of elasticity of the elastic member is less than
a modulus of elasticity of the tactile transmitter.

5. The flexible tactile actuator of claim 4, wherein the
polymer cover has a thickness less than a thickness of the
elastic member and includes a material more flexible than a
material of the elastic member.

6. The flexible tactile actuator of claim 1, wherein the
tactile transmitter is a magneto-rheological elastomer.

7. The flexible tactile actuator of claim 1, wherein the
magnetic field generator is formed of a flexible material to
be bent.

8. The flexible tactile actuator of claim 1, wherein the
magnetic field generator comprises:

an insulating film; and

a first magnetic field generating circuit printed on one of
two surfaces of the insulating film and wound a plu-
rality of times in a form of a circle, an oval, or a
polygon.

9. The flexible tactile actuator of claim 8, wherein the

magnetic field generator further comprises:

a second magnetic field generating circuit printed on the
other of the two surfaces of the insulating film and
wound a number of times in a form of a circle, an oval,
or a polygon.

10. The flexible tactile actuator of claim 1, wherein the

magnetic field generator comprises:

a plurality of flexible printed circuit boards attached using
an adhesive, and

each of the plurality of flexible printed circuit boards
comprises a magnetic field generating circuit to gener-
ate a magnetic field.

11. The flexible tactile actuator of claim 1, wherein the
matrix layer has a tensile strength ranging between 0.02
newtons per square millimeter (N/mm"2) and 8.85 N/mm"2,
and

the matrix layer has an elongation percentage ranging
between 65% and 700%.

12. The flexible tactile actuator of claim 1, wherein the
elastic member is formed of a polymer having a young’s
modulus ranging between 0.5 gigapascals (GPa) and 6.1
GPa.

13. The flexible tactile actuator of claim 1, wherein an
amount of the magnetic particles included in the tactile
transmitter ranges from 4% by volume (vol %) to 60 vol %.
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14. The flexible tactile actuator of claim 1, wherein the
elastic member is formed of at least one of polyethylene
terephthalate and polyimide.

15. A method of manufacturing a flexible tactile actuator,
the method comprising:

inserting a matrix material into a prepared mold;

inserting magnetic particles into the matrix material;

evenly mixing the matrix material and the magnetic
particles;

inserting a curing agent into the matrix material;

applying a magnetic field vertically to a tactile transmit-

ter;

attaching an elastic member such that at least a portion of

the elastic member is in surface contact with one of a
top surface and a bottom surface of the tactile trans-
mitter; and

attaching a magnetic field generator such that at least a

portion of the elastic member is in surface contact with
a top surface of the magnetic field generator.

#* #* #* #* #*
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